Rupture usually manifests as a sudden onset of chest pain and acute heart failure in most of the cases. Death usually occurs within 1 year of untreated RSOVA. 5 Surgery remains a mainstay treatment for RSOVA. Percutaneous treatment is emerging. Due to the relative rarity of this condition, larger data on percutaneous treatment of RSOVA is lacking. Most of the publications on percutaneous treatment are in the form of case reports. We report our experience in percutaneous closure of RSOVA with special attention to case selection and long-term outcomes.
Materials and Methods
Between December 2009 and July 2014, 11 patients diagnosed with RSOVA were referred for management. All these patients were first stabilized with medical management for congestive cardiac failure. Cardiac catheterization, coronary and aortic root angiogram were performed before nonsurgical or surgical intervention. All cases were discussed with the cardiac surgery team after completion of angiogram. All patients were given a choice between surgical and percutaneous treatment. Percutaneous intervention was performed in the second sitting after obtaining a written informed consent for the procedure.
The procedure was performed under local anesthesia with transesophageal echocardiography (TEE) guidance. All patients were treated with Clopidogrel (Intas Pharmaceuticals Ltd, Ahmedabad, India) 300 mg and dispersible Aspirin (Reckitt Benckiser, UK) 350 mg loading before the procedure. Both the femoral vein and femoral artery were accessed with 6F sheath. All the patients received intravenous heparin 100 IU/kg after femoral access. Aortic root angiography was repeated in the left anterior oblique (LAO) and right anterior oblique (RAO) views to better delineate the anatomy. The left anterior oblique projection was preferred for RSOVA draining into the right atrium (RA) and the right anterior oblique view for RSOVA into right ventricular outflow tract (RVOT). Size of RSOVA was measured at its aortic end both on the TEE and angiography. Relationship to the nearby aortic cusp and coronary artery, and the possible impact of the device on aortic valve morphology was assessed with TEE. The larger of the two measurements was considered for device selection. The size of Cocoon Duct Occluder (CDO) (Vascular Innovations, Nonthaburi, Thailand) selected was such that its aortic segment was 2 to 4 mm larger than the defect size based on visual clue. The defect was crossed from the aortic side using a 6F Judkins right coronary catheter and a 0.035 in. 300 cm J-tip Terumo wire (Terumo Medical Corporation, Somerset, NJ). It was then snared with a 10 mm Amplatz gooseneck snare (AGA Medical Corporation, Plymouth, MN) from the superior or inferior vena cava or the pulmonary artery and exteriorized out of the femoral vein. A stable arteriovenous wire loop was thus established, over which the delivery sheath compatible with the selected device size was introduced from the femoral vein and placed into the ascending aorta across the defect. An appropriately sized CDO with its attached delivery cable was then inserted through the delivery sheath and its aortic disc was deployed in the ascending aorta. The whole assembly was pulled back till the aortic disc blocked the aortic end of the RSOVA, as seen on online TEE and aortic root angiogram. After confirming the precise placement, the rest of the device was deployed on the right side across the defect. During this maneuver, special care was taken to ensure seating of the aortic disc on the aortic side without slippage into the aneurysm. Tension on the delivery cable was minimized to avoid slippage of the device. The device was then released from the delivery cable only after making certain that there was no significant aortic regurgitation (AR) or any encroachment on coronary arteries as seen on TEE and angiography (►Fig. 1). All patients were discharged 48 to 72 hours after the procedure. All patients received Clopidogrel 75 mg and Aspirin 150 mg daily for 6 months after the procedure. They were followed clinically and by transthoracic echocardiogram at discharge: 1 month, 3 months, and every 6 months thereafter till date. Procedure-related AR was defined as the occurrence of any grade of new AR or worsening by more than one grade of preexisting AR.
Results
The patient characteristics are summarized in ►Table 1. There were seven males (66.6%) and four females (33.3%); the male: female ratio is 1.75:1. The mean age in the percutaneous group was 24.7 AE 6.1 years (median, 24 years). The associated defects were bicuspid aortic valve in one patient, mild preexisting AR in two patients, and healed infective endocarditis (IE) in one patient. All patients were in New York Heart Association (NYHA) class II to IV at presentation. All patients received adequate medical management before cardiac catheterization and percutaneous closure. Percutaneous closure was attempted in eight patients (72.7%). Seven of the eight patients underwent successful closure (technical success 87.5%). Patient number 4 was also taken up for percutaneous closure, but a 16/14 CDO slipped and hence the procedure was abandoned. Seven of the 11 patients (66.6%) had defects communicating between right coronary cusp (RCC) and RVOT, one patient (9.1%) had defect communicating between RCC and RA, and three patients (27.3%) had defect communicating between noncoronary cusp (NCC) and RA. Mean defect size was 10.00 AE 2.72 mm overall and 8.28 AE 1.49 mm (range 7-10 mm) in percutaneous intervention group. The mean device size was 12.0 AE 1.6 mm/ 10.0 AE 1.6 mm. Six of the seven patients (85.7%) had complete disappearance of shunt at 24 hours and all patients had complete disappearance of shunt at 1 month follow-up. One of the 11 patients had previously treated IE and there were no worsening or new features of IE during 46 months follow-up. Mild AR was present at the baseline in four of the seven intervention patients (57.1%). There was no new AR or worsening of AR. One of the 11 patients was a 3-month postpartum female with RSOVA, possibly an acquired RSOVA. All patients were in sinus rhythm or in sinus tachycardia at the time of the procedure. Mean ratio of pulmonary to systemic flow (Qp/Qs) was 2.75:1. Mean follow-up time in intervention patients was 28.14 AE 21.49 months (range, 1-55 months; median, 34 months). There was no death or need for any subsequent surgery. All patients improved to NYHA class I. Oral antiplatelets were continued for 6 months in all patients.
Discussion
Aneurysms of sinus of Valsalva are rare, and, hence, the experience remains limited. Surgery has been the gold standard treatment for RSOVA. However, the morphological features of RSOVA make it amenable to percutaneous closure. The procedure used for closure is practically the same as in the ventricular septal defect (VSD) closure. We routinely used TEE in RSOVA closure. Though initial reports indicated use of sizing balloon, 6 currently it is not needed. Crossing the defect is much easier than VSD, but positioning needs patience, especially in cases of aneurysms leading to RVOT, where sometimes angiographic views appear suboptimal. Also, the aortic end of the device should be deployed into the aorta and not into the "windsock." Since the first report of device closure of RSOVA in 1994, 7 various case reports have been published using patent ductus arteriosus (PDA) occluders, VSD occluders, atrial septal defect (ASD) occluders, Gianturco coils, Rashkind umbrella, etc. (►Table 2). However, PDA occluders are currently favored. Angiographic identification of cusps is vital to the closure procedure. Unless the anatomy is clearly defined on angiography, one should not proceed for device closure, as there is a good chance of failure or complications. In anteroposterior projection, the posterior or NCC and right cusps lie along the lateral borders of the aorta, with the NCC lower than the RCC. In LAO or lateral projection, the right and left cusps form the borders, with the LCC lower than the RCC. In RAO projection, the RCC lies on the left and is related to the RVOT, whereas the NCC forms the right border of the aorta ►Fig. 2.
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We attempted percutaneous closure initially in all cases enthused by initial successes. However, in case 4, we failed to deploy even the 16/14 device and, hence, referred for surgical correction. This made us understand the limitations of such a procedure. We resisted going for a higher device, as we felt it might lead to AR. Defects larger than 10 mm were closed by Guan et al using 14 to 18 mm PDA device.
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We chose CDO (►Fig. 3) because of our familiarity with this device and price concerns. The device is practically similar to Amplatz duct Occluder (ADO; St Jude Medical, Saint Paul, MN). As per the manufacturer's specifications, this device is made of nano-platinum coating which provides superior biocompatible properties compared with bare nitinol. This coating prevents Nickel leaching into the bloodstream. It also prevents corrosion of Nitinol wire frame in long-term implants. Presence of Platinum provides better radio-opacity, which enables easy positioning of the device in the defect. However, our decision was based mainly on its user-friendly price. To the best of our knowledge, this is the largest series with this device in RSOVA.
Residual shunt, development of AR or worsening of AR, IE, coronary ostial encroachment, and failure to deploy are important complications of device closure in RSOVA described in the literature so far. We had residual shunt at discharge in one patient which disappeared at 1 month follow-up. It is important to evaluate for possible hemolysis in small residual shunts. We did not find any new AR or worsening of AR or IE in our patients. We had failure of 
Conclusion
Percutaneous closure of RSOVA appears to be feasible and safe with good long-term outcomes. Careful selection of cases increases the success rate of the procedure. However, still a longerterm follow-up is needed. The results appear to be at par with closure of other left-to-right shunts in experienced hands.
Summary
Percutaneous closure of RSOVA is evolving. Relative paucity of cases remains the major limitation, apart from the difficulty in closing defects > 12 mm with currently available devices. However, complications reported in the literature due to percutaneous closure are scanty, and with the evident good long-term outcome, percutaneous closure may be regarded as a safe alternative to surgery in expert hands. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
